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Patentanspruche: 

1 . Verf ahron zur Herstellung von thermos! astoplesttschen Materialien dureh Pfropfcopolymerisation 
von Styren oder eines Styrenderh/ate auf Polybutadien oder Butedian/Styren-Kautschuk in 
Emulsion unter Varwendung von Diacylperoxlden aft Initiator im Tamperaturbereich zwischen 343 
und 363 K mit Nechdotierung von 40 bli 70% das Pfropfmonomeren im Gamisch met dem Initiator, 
gekannzalchnat dadurch, dad mit dam Monomaran ain atabiiat Radikat in Mengen von 0,01 bis 2 %, 
bazogen auf den Initiator, dam Reaktionaaneatz kontlnuleriieh mdoslart warden. 

2. Verf ahran nacb Anspruch 1, gekennzakhnat dadurch, dad ala Habile Redikafe 2,2-DiphenyM - 
pitcrylhydraiyl, 2,2.6,6-Tetramethvlplperidln-l-oxYl odar 1,3-Bis{diphanyl-2,2'-yten)-2- 
phenyipropen-3-yl LKOELSCH-Radikal") eingesetzt warden. 

Anwendungtgabtet dar Erftrwhmg 

Die Erf nduny balritft eta Verflhrvn rur Hereieflurtg von rhatmoeUtloplaillechan Materialmen auf der Grundlage leehnischer 
^tyren-Butadien-Kiutachuke durch r ad iVj Heche Pfr fee poh/rnerUi lion In Emuliion. die u. t. <ur die H«r«t»llunp von XnmpBkten 
und rel'u Isren Schuhsohlen Im Sprrti juflverfihren geafgnat iind. 

Charakivrtttlk dH betanntnn Btamtfaa dec Technfk 

Bekennt eind IharrTCwUsioplaftHcM Mitertallen lufdar GrundUge iter Monomoce Buladien und Styren m Form d«r Butedian. 
S ty r«r>Dreib1ockcopotymani. 

Nach US 3285755, 3900057 und 3907m M«rtlMd^«CoooV^aarfln«funo«etmlft durch enlonuche Porymerie alien In 
L6aunemftt«4i Uthrumerk^lnWerfnren h a* j e ate lK und batt o hon aua «4fia*n **|tchen,*leetischenP jtybuledien Mltielblock und 
iwe* hmen ihermopltRlichan roh/ityrenee+tenbiaclum 

Dieea Po*ymere w»teen erne Z¥rerfpnjt*n«trukiur infolpe da* r^attneepareAton der Han- und v\#ieh tegmenta auf. wobei dia in 
dla Kavtethukmttrhi •Ingabemete Pon/ttytwv4Uftphaee untaf hatb dar Gtaitampefetur dee Poh/ttyrem dia Vernetzungntal^n 
dar Poh/buiadianbiacke bfldet. Au* oleeo ni Socrrvarhah retuHlefen bal Reumiemperelur die Eigenstheftan eines verneunen 
Kautschure. Ob«rhafb dar Gtaetempareiuf dot Hartpneie telgen dleee Poh/m«re Ihermrpla attache* Varhslian und *ind wie 
Thermo pt aft a ver arbaitbar. 

Watantlicha Naehtafla diaear ProduVle beetehan elnereerta fn dar technkehundGkonomiich tahr eufwendtgisn Synthese durrh 
inioniiehe Poh/maritairon und endereraeHe In dar Verachlechter ung dec mechanUehen Elgentcharien oberhalb331K infu*ge 
dar durch dan ?otybuiedienenia# bevWrfclen Emtodrigung dee Erwatdiunpabafafcha dar Polyt tyrenpbase. 
Auf redikati nchem Waga find dteee Dreibloctanjteure>n nkht harttelfber. 

Bekennt aind Moglichkehan da* Kopplung von Hart- und Welcheagmenten durch ridlkatitcha Pfropfcopolfmerlsetlon. 
Vefnatitebrw. hoehvafn-urta Pfropfporym are warden tnDE 2893570 und 2053572 dureh radikelische Ptropfpolv^^ f '"f tnn m 
Emuliion unier Verwendung von Kaliumpertutfit ala Initiator hftrgettetrl 

WSbren'1 if. DE 2 B53S70 d»a Pfropfung auf a I nan unveme-titen Kautachufc mh gafiahar Varnetiung wlhrend dc Pntymr r .« t ^ n 
durchgafuhrt wird. dlanan In DE 2BS3572 bararU vorvarnatrta Kauttchuk-LaHcara ala Pfropfprund'aga. 
ObwoM diaaa Pfropfpoh/marUaia aine urn ca. ISKvarbaaiarU Wlrmaatandfaatigkari gaganubar dan SBS- 
Draiblockcoporymaran aufwafaan, varfOgen ala nicht Obar dai fflr Kauiachukanwendungan erforderticha Dehnungsve rhMi*n r 
dat tichmhErhdhungdeaStyrangeSihaaiur StaIg«rur^dtrFantg1uilUw«rtawatiarvarich1achlari.Ein warterar Narh^«idip<ffr 
Pofym tra Eat die groBa btatbanda Oahnung von Obaf 00%. 

Eln Varfahranxur Karatalluno von Pfropfcopolymaran durch radikaUacha PfropfcopolymarUation unter Zusau von inhibit rend 
wUkenden Subtianran wlaj i. B. Kydrochlnon, Chlnon odar 2.a-Dt-iani*bu1yl'P-Kre>aol iu Bflflinn dar Polymarisitto*« ^"H in 
DO 253C2B vorg<rrt^H, Be« dietem Verf ahran arwatttakh alt nechuilig. daftkajneNachdosierung dee Monomtr*-n «t8t(r»ndet 
und aomrt nkht Gbar dia gaaamia Porymarraationadau«r atnoplimatM, nfadrlgat Monomar/Kautschuk-VerhAttnii ie afi»iert 
warden kann. Dia Inhibtantnde Wirkung tat rn DO 2S3B2B nur auf dia Aufhaizphasa) xu Baginn dar Pfropfcopolyrrrsnsaiton 
(Umaeli kleiner 5%) begrenzL Ore Nachdoiiirung das Pfropfmonomaren let u.a. In OD 262 238 bereita besehrieh*.i erfoTgt 
fedochfcefn Ernsau von Inhibftorcn c»d<i VenOgeram und diereiuhieranden Produkte w^ijtendeutlich verrino"'" 1 * »<1asti*chM 
Verhihen auf. 



ZM dat Erflndung 

Oaa2}al dar Erfindung b«*tahi darin. durch Modiffcierung von 8uiadianktuiachukan ihnrmn^lnsti'.fhe KawUchuV* h^ryu^trllftn, 
dia ranigka!t«- und Dehnungieigensch^ ft^n von vulVenisierlrn KMuinchuVen aufw*ispn, im fl^.-tMt* m d»^ r " r » 

iheimopl^^'^^h v^-HrTv und v ,, "'»t , " : '*"*' ijnH Q'»'* f*vi»»^i*.'- , i -fn*rhani«rK*« r !'?»"•* ' ' *■ " ' • " *^n 

Oarlagung d*n W***n» dar Erfli^dur g 

Aufgabeder frfinduny istem Ver'«hr»n fur Hersieltung von tn^rmoefaslopfastttct'en Ma(^rhi ; »n m' OpiiiH^-i- ».>»;,.r» r :^ii 
vaHugtirer Butadietv otfer Sfyr^nrBiMadtBn KnuHc^uVe durch rflHikalische Pfrop ^ po1vn"<*' : -' , ' ~" r - ■ ' 
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trfi.* jngag«m» Aahman afnaa Ki Emu Won duTchgaruhrtan P^op fcp|Mrf ymf to t t tef « v»ff»Hfni unltr Varwandung 

von Dtacylparoridan trthlator kn Tafnrjaraturbacateh iwiaehan 343 und 36J3K mh Hathdo a tacung von 40 Mi 70% daa 

Pfropfmooomaran Im Gamlach rnh dm Initiator mh dam Monomaran «4n ata blf ia Radlkil In Mwg«n von 0.01 bit 2%, beiogen 

a uf dt n Initiator, dim Rukoonaa naaH tco«ttlrwlar«di tudoa U rt, wobal aM atabOa Rad&ata 2J-Di phanyl-1 -pikrythydr aryt, 2,2,8,6- 

Tttram^hvlplporldln-l-oxvl oo>r 1>B*tdi*rwrrrl*^-y1anHnw^ (JCOCISCH-Radiki!') aingasatzt wardan. 

Du rch dtaaa Varfihra ni wa l ia wird (ft* bai Mcwomwa icM o tU nino Oblteharwalaa aintratanda Cmi adrlgung der Pfropfiutbauta 

deullkh vcrrlngart und damn amar nachtaillgan OM ln f tuaaunQ daa ElpwwcfcafubikJaa dat Produkta antgagangawlrkt. 

Ei wurda gifu nden, daft dta FfropTe op o t ymfkatfon nur mK dam gananntan Initiator untar kontlnularllcher Nachdotlarung der 

•tabllan Radikala tu Produktan mK ar HOhtar Tampar iturbaHlnolyVaH und afrwrn gQnittgan Fitttgkaita-f Dahnungtnivaiu 

funrt. 



AutWhrvnga b alapl ila 
BattpMI 

In ainam tharrrwatillarbaran 1 4-Doppa!m antalkofban wardan 700 g SBft-Utaa (Kauttchukganaft 30,5 %; 27% Sty ran Im 

Coporymaran; Gafgafiafl 6%f vorgatayt Untar ttlndlgam RQhran wardan 98 g Styran und 2,8 g Dtbanr oylpat oxfd (in Styran 

galoai) alngamlacht, Innarhilb von 10 Mfnutan auf 353116K aurganafcrt und 4 Stundan potymaHilart. 

30.60,90, 120, ISO und H0 Mlnutan nach Crraacfton dar Porymar l a atloiw iam pafatur wardan Jawaila 13 g Styran, 0,57 g 

Obanroytparoxtd (BPO) und 12 mg KOClSCH-AadTkal (BPO und KOCLSCHftadtkal In Styf an gaJOat) wdoilart. 

Nach Abatoppan und StabJHaiarung daa FmaSatai arfolgt dla Koagulatkm daa Kautachuks In alnam FIMbad u ntar Zuiau von 

E BilgUura/MgClrSote. Dar gafMta Kautachufcwkd rmhrmatf mK Waaaar gawa a eh a n und balca. 333K g»troekn«t. 

F0r ola anwandungata ch ni ach a PrOfung wurda dar KautacbukB M (nut an barf 323,1 5 K varwal* und dta iui »ua dan 

•ntiundanan Watrftflan auaoaatoehaoa n PrOflArpar 10 Mlnutan bat 3S3,1SK varpraflt. 

Dia Battimmung dar ZugfaaKgkaH und dar Bruchdahnung arfolgta nach TG1 14 360. 

BaJapfafS 

€« wtrd «H« In BalipM 1 varfthran mrt dam Untarachfad,daS 2.2-DfphanyM-ptkryhydraxyl ata lUbflei Radikitl fingmeiit wird. 
BatipJal 3 

Eiwud vWe in Baiiple! t varfahran rrii dem UrrlifKhlid. diG 2.2,6.6^Tatramtthytplperidin l ory! els st*b«>* Rarfikiti rmp^etrt 
wird. 

Balaplal 4 

*n ^nam aWrnoa t atlarbatati 14^ppatmanta<kolban wardan 700 g S8fl-Latax fKavtacrxikgahah 30,5%; 27% Styran Im 
Coporymaran; Oalgahart 8%l vo r p aw gt Untar atfrtdlgam ROhran warda n 123g Styran und 6.7 g Dibanzoylpaf oxld und 1 50 mg 
K0eLSCH4Ud**I fl^ und KQCLSCH>Radftal In 9lyran ga^oat) a«ngambdit Innarhalb von 10 Mlnutan iuf 353, 1 5 K mfgabfltrt 
und 4 Stundan pa^ymarlaiawt* 

Nadi Abatoppan und SuabHaaarung daa HnaRgtaat arfolgt dk Koagutation daa Kautachuka In ^rmm Fftllbad untar Zutau von 
Et**gf*ura/MgfCVSo*a. Dar oafima KauiacrHA wkd mabrmalt mK Waaaar gawa acta n und balca. 333 K geirocknet 
Dla anwandu r»gatacrmlaohan Prtif ungan arfolgtan analog wla In Balaplal I . 

Balapfal S 

Ea wkd wla Im Balaplal 4 varf ahran mrt dam Untarachlad, daS kam atibllaa Ridikaf rugaaatu wrrd. 



Tabaftal 



Baiapiat 


InHrbftor 


Urmati 


Zugraatigkift 


Bruchdehnung 




(mg) 


f%1 


(MPa) 


(%) 


1 


6x12 


B5,fl 


17.1 


670 


2 


6x12 


89,4 


164 


665 


3 


6x12 


90,0 


i«J 


670 


4 


150 


B4.0 


14J 


625 


5 




92.0 


1S,1 


615 
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Process for the preparation of thermoelastoplastic 

materials 



Abstract 



The invention relates to a process for the 
preparation of thermoelastic materials based on indus- 
trially available styrene/butadiene rubbers by free 
radical graft copolymerization in emulsion, a stable free 
radical being subsequently metered in continuously 
together with the graft monomer. The thermoelasto- 
plastics prepared in this manner are suitable, inter 
alia, for the production of compacts and cellular shoe 
soles by the injection moulding method, for cable 
insulation and for industrial shaped articles. 
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Patent Claims: 

1. Process for the preparation of thermoelasto- 
plastic materials by graft copolymerization of styrene or 
of a styrene derivative onto polybutadiene or butadiene/ 

5 styrene rubber in emulsion with the use of diacyl 
peroxides as initiators in the temperature range between 
343 and 363 K with subsequent metering of from 40 to 70% 
of the graft monomer as a mixture with the initiator, 
characterized in that a stable free radical in amounts of 
10 from 0.01 to 2%, based on the initiator, is metered 
continuously with the monomer into the reaction batch. 

2. Process according to Claim 1, characterized in 
that 2,2-diphenyl-l-picrylhydrazyl, 2, 2, 6, 6- tetramethyl- 
piperidin-l-oxyl or 1,3-bis (diphenyl-2 , 2 ' -ylene) -2- 

15 phenylpropen-3-yl ("KOELSCH free radical") is used as the 
stable free radical. 



Field of the invention 

The invention relates to a process for the 
preparation of thermoelastoplastic materials based on 
2 0 industrial styrene/butadiene rubbers by free radical 
graft copolymerization in emulsion, which materials are 
suitable, inter alia, for the production of compacts and 
cellular shoe soles by the injection moulding method. 

Prior art 

25 Thermoelastoplastic materials based on the 

monomers butadiene and styrene are known in the form of 
the butadiene/styrene three-block copolymers. 

According to US 3 265 765, 3 906 057 and 
3 9 07 929, these copolymers are prepared, according to 
30 the invention; by anionic polymerization in solution by 
means of alkyllithium initiators and consist of a soft, 
resilient polybutadiene middle block and two hard 
thermoplastic polystyrene side blocks. 

These polymers have a two -phase structure owing 
35 to the phase separation of the hard and soft segments, 
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the polystyrene hard phase embedded in the rubber matrix 
forming the crosslinking points of the polybutadiene 
blocks below the glass transition temperature of the 
polystyrene. This results at room temperature in the 
5 properties of a crosslinked rubber. Above the glass 
transition temperature of the hard phase, these polymers 
exhibit thermoplastic behaviour and can be processed in 
the same way as thermoplastics. 

Substantial disadvantages of these products are 
10 on the one hand the technically very complicated and very 
expensive synthesis by anionic polymerization and, on the 
other hand, the deterioration of the mechanical proper- 
ties above 3 33 K owing to the lowering of the softening 
range of the polystyrene phase, caused by the polybuta- 

15 diene fraction. 

These three-block structures cannot be prepared 

by a free radical method. 

Possibilities for coupling hard and soft segments 
by free radical graft copolymerization are known. 
2 0 Crosslinked or highly crosslinked graft polymers 

are prepared in DE 2853570 and 2853572 by free radical 
graft polymerization in emulsion with the use of 
potassium persulphate as an initiator. 

While in DE 2853570 the grafting is carried out 

2 5 onto an uncrosslinked rubber with controlled crosslinking 

during the polymerization, precrosslinked rubber latices 
serve as the grafting base in DE 2 853 572. 

Although these graft polymers have heat dis- 
tortion resistance improved by about 15 K compared with 
30 the SBS three -block copolymers, they do not have the 
elongation behaviour which is required for rubber appli- 
cations and which further deteriorates with an increase 
in the styrene content for increasing the strength 
values. A further disadvantage of these polymers is the 

3 5 large permanent elongation of more than 60%. 

A process for the preparation of graft copolymers 
by free radical graft copolymerization with the addition 
of inhibiting substances, such as, for example, hydro- 
quinone, quinone or 2 , 6-di-tert-butyl-p-cresol, at the 
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beginning of the polymerization is presented in 
DD 253628. In this process, the fact that no subsequent 
metering of the monomer takes place and hence an optimum, 
low monomer /rubber ratio cannot be realized over the 
5 total polymerization time proves to be disadvantageous . 
In DD 2 53628, the inhibiting effect is limited only to 
the heat-up phase at the beginning of the graft 
copolymerization (conversion less than 5%) . The sub- 
sequent metering of the graft monomer has already been 
10 described in, inter alia, DD 262238. However, inhibitors 
or retardants are not used and the resulting products 
have substantially poorer elastic behaviour. 

Object of the invention 

The object of the invention is to prepare, by 
15 modification of butadiene rubbers, thermoelas tic rubbers 
which have strength and elongation properties of 
vulcanized rubbers, and can, in contrast to these, be 
shaped and processed by thermoplastic methods and have 
good dynamic mechanical properties. 

2 0 Summary of the invention 

The object of the invention is a process for the 
preparation of thermoelastoplastic materials based on 
industrially available butadiene rubbers or styrene/ 
butadiene rubbers by free radical graft polymerization in 
25 emulsion, which have properties of a vulcanized rubber 
without crosslinking by vulcanization. 

According to the invent ion, a stable free radical 
in amounts of from 0.01 to 2%, based on the initiator, is 
metered continuously with the monomer into the reaction 

3 0 batch in the course of a graft copolymerization process 

carried out in emulsion with the use of diacyl peroxides 
as initiator *in the temperature range between 343 and 
3 63 K with subsequent metering of from 40 to 70% of tae 
graft monomer as a mixture with the initiator, 2,2- 
3 5 diphenyl-l-picrylhydrazyl, 2,2, 6, 6- tetramethylpiperidin- 
1-oxyl or 1, 3-bis (diphenyl-2 , 2 ' -ylene) phenylpropen-3 -yl 
("KOELSCH free radical") being used as the stable free 



radical. By means of this procedure, the decrease in the 
grafting yield which usually occurs during subsequent 
metering of monomer is substantially reduced and hence a 
disadvantageous effect on the property spectrum of the 
5 products is counteracted. It was found that the graft 
copolymerization leads to products having increased heat 
stability and an advantageous strength/elongation level 
only with the stated initiator with continuous subsequent 
metering of the stable free radicals. 

10 Examples 
Example 1 

700 g of SBR latex (rubber content 30.5%, 27% of 
styrene in the copolymer; gel content 5%) are initially 
taken in a thermos tatable 1 1 double- j acket flask. 55 g 
15 of styrene_and_^^ (dissolved in 

' styrene) are mixed in with continuous stirring, the 

mixture is heated to 353.15 K in the course of 10 minutes 
and polymerization is carried out for 4 hours. 30, 60, 
90, 120, 150 and 180 minutes after reaching the 
20 polymerization temperature, in each case 13 g of styrene, 
0.52 g of dibe nzoy lperoxide (BPO) and 12 mg of KOELSCH 
fr^TcaalcaX(BPO and KOELSCH free rad±^aX~~dis solved in 
styrene) are metered in. After stopping and stabiliza- 
tion of the final latex, the rubber is coagulated in a 
25 precipitating bath with the addition of acetic acid/MgCl 2 
sols. The precipitated rubber is washed several times 
with water and dried at about 333 K. For testing of the 
performance characteristics, the rubber was rolled for 5 
minutes at 323.15 K and the test specimens cut out from 
3 0 the resulting mill hides were pressed for 10 minutes at 
383.15 K. 

The tensile strength and the elongation at break 
were determined according to TGL 14366. 



35 



Example 2 

The procedure is as in Example 1, except that 
2,2-diphenyl-l, -picrylhydrazyl is used as the stable free 



radical . 



Example 3 

The procedure is as in Example 1, except that 
2 , 2 , 6 , 6- tetramethylpiperidin-l-oxyl is used as the stable 
free radical. 

Example 4 

700 g of SBR latex (rubber content 30.5%; 27% of 
styrene in the copolymer; gel content 5%) are initially 
taken in a thermos tatable 1 1 double- jacket flask, 133 g 
of styrene and 6.7 g of dibenzoyl peroxide and 150 mg of 
KOELSCH free radical (BPO and KOELSCH free radical 
dissolved in styrene) are mixed in with continuous 
stirring, the mixture is heated to 353.15 K in the course 
of 10 minutes and polymerization is carried out for 
4 hours . 

After stopping and stabilization of the final 
latex, coagulation of the rubber is carried out in a 
precipitating bath with the addition of acetic acid/MgCl 2 
sols. The precipitated rubber is washed several times 
with water and dried at about 3 33 K. The performance 
characteristics were tested analogously to Example 1. 

Example 5 

The procedure is as in Example 4, except that no 
stabile fxee radical is added. 



Table 1 



Example 


Inhibitor 


Conversion 


Tensile 


Elongation 






strength 


at break 




(nig) 


(%) 


(MPa) 


(%) 


1 


6 x 12 


85.8 


17.1 


670 


2 


6 x 12 


89.4 


16.9 


665 


3 


6 x^!2 


90.0 


16.8 


670 


4 


150 


84 .0 


14.3 


625 


5 




92.0 


15.1 


615 



